This paper deals with the interaction of femtosecond laser with strain dependent high dielectric material. For this investigation, ferroelectric material like BaTiO 3 has been chosen because of centrosymmetric structure. Due to irradiation of laser light, the micro-structure of BaTiO 3 is found to change along the direction of heat propagation. SEM and AFM tools have been used to detect the morphology and roughness of the femotosecond laser treated BaTiO 3 . The change of morphology and surface behavior depends upon the laser fluence and intensity of laser light. The maximum change in morphology has been observed at a higher laser fluence.
Introduction
The interactions of light with matter are described theoretically by Maxwell's Equations [1] [2] . Experimentally, light's interaction with matter can be understood as an input signal (light) delivered to a system (matter) which acts upon the signal and returns an output. In our daily life, however, we are surrounded by nonlinear systems. The characteristics of a p − n junction, the distortion of an acoustic signal in a speaker, and ferromagnetic permeability are all manifestations of nonlinear systems [3] . Yet, nonlinear optical systems remain uncommon in daily life. Nonlinear phenomena in the optical frequency range became easily accessible, only after the invention of the laser in 1960 [4] . Understanding the propagation of femtosecond light pulses is of great value for both scientific and technological applications. The short pulse duration provides scientists with the possibility to explore physical phenomena with unprecedented time resolution, chemical reactions can be studied at the atomic level, and ultrafast changes in material properties can be measured. The high intensity levels achieved with ultra short laser pulses create strong nonlinear light-matter interactions, which have led to new optical phenomena, such as the formation of spatio-temporal solitons [5] [6] . Several methods have been implemented to visualize the propagation of femto second pulses. If temporal resolution is not required, one can measure a trace left in a material after a pulse has gone through and reconstruct the time-integrated spatial profile of the beam. For example, for pulse propagation through solids, if there is permanent damage in the material the beam profile can be inferred from the damage tracks. In the case of fluids, the trace can be visualized by dissolving a fluorescent dye in the material and capturing a side view of the fluorescence [7] or by imaging the light emission from plasma generated by the pulse. The femtosecond laser pulse appears as an emerging and promising tool for processing wide band gap dielectric material for a variety of applications. The conventional view of laser-material interaction with wavelength between near IR and UR includes the transfer of electromagnetic energy to electronic excitation, followed by electron lattice interaction that converts energy into heat. However, the processes of material response following intense femtosecond pulse irradiation are far more complex, particularly wide range band gap dielectrics. When a high dielectric material is subjected to femtosecond Laser irradiation, the refractive index of the material may become intensity dependent and a large amount of electrons are generated by the infrared pulses in transparent dielectrics. Relation channels of electronic excitation in the wide band material may produce intrinsic defects, leading to photo induced damages in otherwise defect free medium. These fundamentally non linear processes have stimulated substantial efforts in both the understanding of the complexity of femtosecond laser interaction with dielectric and the application of the microscopic mechanism to innovate material fabrication [8] [9] . In the case of femtosecond laser-pulse interaction, the absorption of laser radiation occurs on a time scale of the pulse duration before any significant hydrodynamicmotion ablation can occur. Such hydrodynamic response of the target surface has characteristically been observed on the time scale of tens of picoseconds. [10] . A simple semianalytical model of femtosecond electron heating and resultant optical absorption is developed to describe the time dependence and integral reflectivity covering the range from cold metal response to the hot plasma response. The model is in good agreement with experimental ultrafast reflectivity measurements over the intensity range studied [11] .
The terahertz (THz) power radiated by the femtosecond laser excited semiconductor surfaces was measured by the Golay cell. Intrinsic InSb crystals as well as n-type and p-type InAs were investigated by using three different wavelengths −780, 1030, 1550 nm, femtosecind lasers [12] .
In this paper, the high dielectric material like BaTiO 3 has been used to examine the morphology of the sample after treatment of femtosecond laser light. For the surface behavior, Ti: sapphire oscillator-amplifier laser system of 100 -300 fs pulse laser is used to investigate the change in morphology of BaTiO 3 . SEM and AFM are the basic tool to investigate the morphology after the interaction of the laser light with the rotating BaTiO 3 .
Experimental Details
Highly oriented thin file of BTO was deposited on a Cu-substrate by using PECVD method. The prepared samples of BTO were used in a plasma chamber as target materials which were directly opted from the market. The Cu-substrate was placed on a substrate holder tray that can hold six samples at one time, of dimension 1 × 1 × 1 inch. The reason for selecting the Cu-substrate is its better conductivity; it conducts heat easily at the time of irradiation with high laser intense. The substrate tray can easily slide in the deposition chamber for better and uniform deposition of BaTiO 3 . The disposition was controlled by controlling the bias voltage and current. The prepared sample was annealed at 750˚C for 2 hr. The prepared film of thickness more than 68 nm was irradiated in air at atmospheric pressure by Ti: sapphire oscillator-amplifier laser system of 100 -300 fs pulse laser. The frequency modulation through nonlinear interaction was evaluated by the fs laser pulse generation. i.e. The delayed pulse reflected from the target surface after interaction with the first pulse and its detection of intensity change from the change in information tells about the processes which occurred on the surface. For microstructural examination, a scanning electron microscope (SEM) operating at 15 -20 kV was used to see the morphology of the film before and after laser treatment and roughness of the sample was studied by the AFM investigation. Figure 1(b) show the top view and the cross-section view of SEM micrograph of BaTiO 3 sample generated by four pulses of different fluencies from 55 and 430 J/cm 2 . Due to laser heating, the microstructure of BaTiO 3 starts to change which depends upon the Fluency of the laser beam. The splash around the craters is mainly from the phase explosion. The diameter and depth of the craters increase with an increase in the laser fluence. The modification of the image depends upon the laser power. The laser power also modifies both the diameter and depth of the interaction. These views are taken at higher magnification. From this result, the spot are calculated from spot marker. The laser beam focus diameter obtained from these results was roughly 3.88 μm, which is close to the theoretical focus size at 4.436 (1.22 λ/NA, λ = 800 nm is the wave length used in laser ablation, NA = 0.22 is the numerical aperture).
Experimental Results

Figure 1(a) and
The ablation threshold fluences of the Gaussian laser beam can be calculated by measuring the diameter of the ablated areas versus the pulse energy and extrapolating to zero. It is known that for a Gaussian spatial beam profile with a 1/e 2 -beam radius, ω 0 , the maximum laser fluence, F 0 , increases linearly with the laser pulse energy,
where ω 0 is 11.5 μm taken in this experiment. The squared diameters, D 2 , of the laser ablated craters are corre- 
where ξ is a material-dependent coefficient and is equal to 0.84 during Femto-second laser ablation of silicon obtained by burns et al. In our experiment, we obtain the LIPSS on the entire ablated area at 25 N ≥ . Figure 4 shows the ablated diameter D depending on the number of laser pulses N with different laser fluence. The ablation diameter decreases with an increase in the number of laser pulses at different laser fluence, while the ablation diameter increases with an increase in the laser fluence at particular laser pulses. The energy of the laser pulse is applied in order to heat up the material to evaporation temperature and to overcome the latent heats of melting and evaporation. Material in a vapor state is ablated. The model assumes 100% energy absorption and neglects heat conduction effects as well as overheating of metal vapor:
Here m is the ablated mass, N the number of laser pulses, E pulse the pulse energy, C p the heat capacity, T V evaporation temperature, T 0 ambient temperature, ∆H m melting enthalpy and ∆H v evaporation enthalpy.
Another way of using the multisport ablation threshold is the logarithmic dependence of the ablation rate χ on the laser fluence can be described by The depth of the ablated material after establishing the steady state material removal is given by
Here, the number of incubation pulses N th represent the minimum number of laser pulses to initiate ablation and its value depends on the laser fluence, close to the threshold N th and well above the threshold N th = 0. Figure  5 shows this linear relationship between the multiple shot and the logarithm of laser fluence. The ablation rate increases with an increase in the laser fluence. Below 50 J/cm 2 , the ablation rate increases sharply and between 50 to 500 J/cm 2 , the ablation rate tries to attain the steady state. The difficulty arises in material removal from the deep crater due to the development of the plasma by the charged oscillation which reduces the ablation rate at the higher laser fluence in steady state conditions. This phenomenon was studied by observing the change in microstructure through laser irradiation. shows the SEM micrograph of BaTiO 3 with laser ablation. It is evident from that only patch of single phase are seen in the micrograph. The same experiment has been also carried out by the irradiation of the laser with different laser fluence. Figure 6 at different magnification shows the change in the microstructure of BaTiO 3 after the irradiation of laser with different fluence for 148 fs pulse duration. Due to the impact of laser with different fluence, the microstructure changes along the direction of the heat propagating zone. It can be observed that the present modifications in microstructure resulting from the single shot at very high fluence are about three to four times the average depth obtained from the SEM investigation. The surface of the sample was irradiated with different pulse energy. It is evident from the analysis of the results obtained from the AFM that the fluence of the laser spot affects the depth of the interaction with the surface but they don't disturb the spacing of the BaTiO 3 . The spacing of the lattice is not altered by exposing the BaTiO 3 with a laser beam (Figure 7) .
The AFM micrograph of BaTiO 3 after irradiation with different intensity laser beam is presented in Figure 8 A & B at 55 J/cm −2 laser fluence. It shows that the depth of the ripples increase nonlinearly with the pulse energy. AFM is an important technique for studying the morphology of laser irradiated BaTiO 3 . The irradiation of laser was applied at the sample by varying the laser fluency. Tapping mode AFM imaging was applied to study the femtosecond laser induce BaTiO 3 . Figure 8(A) shows a typical medium-scale AFM image (0.9 μm × 0.9 μm) of the BaTiO 3 thin film supported on Cu whereas, Figure 8 (B) presents a topographical view of the sample. The topographic maps revealed that the film was rich in the dents and irregularities on their surfaces. The rough surfaces provide a greater number of active sites and comparatively possess a greater surface area than smooth ones; such particles can play a better role in the field of catalysis. Results obtained with AFM identified that newly synthesized BaTiO 3 for size elucidation using AFM and TEM image analysis were in good agreement.
The interaction with laser light with the BaTiO 3 sample depends upon the laser fluence because the micro structure of the BaTiO 3 thin film supported by Cu plate is totally damaged by the irradiation of laser light with a higher fluence. The laser fluence changes the roughness of the sample after irradiation with Laser light. Figures  9(A)-(D) reveal the AFM images and distribution chart of BaTiO 3 NP film. AFM images prove that the grains are uniformly distributed within the scanning area (2000 × 2000 nm) with individual columnar grains extending upwards. This surface topography is important for many applications such as responsivity of photo-detector and catalysts. The BaTiO 3 NPs have spherical shaped with good dispensability and homogeneous grains aligned vertically. The duration of the interaction time with the BaTiO 3 sample is also important to judge the microstructural change by laser irradiation. Figures 10(A)-(E) show the AFM micrograph of BaTiO 3 irradiation with different time. The estimated values of root mean square (RMS) of surface roughness average and average grain size are calculated by using the AFM image. The images of the micrograph are plotted in terms of 2D and 3D views. The roughness profile measured through AFM investigation is shown in Figure 11 . From the interaction with femtosecond laser light, the roughness of the sample increase from 42% to 89% with increase the laser fluence. The depth of the interaction was analyzed from the analysis of the roughness through the AFM cross-section image and it was plotted in Figure 12 . Figure 13 shows the change in lattice parameter of the laser treated sample. It is evident from the figure that the maximum change in lattice parameter is found at 430 J/cm 2 . This investigation has been carried out from the XRD analysis. The c/a ratio continuously increases with an increase in the laser fluence and the % elongation slowly decreases with an increase in the laser fluence. Initially, it shows the higher change in elongation but later it changes slowly with laser fluence. Figure 14 shows the change in dielectric from 2328 to 7798 with the laser fluence. The increment is found along with the development of the strain in the dielectric material due to irradiation of the sample from the high intensity laser light. This change in the dielectric is due to change in morphology. This development is possible only from the rise in temperature in the ablated zones. From the large heating, the microstructure is completely changed, but crystal structure remains the same. This leads to developing the maximum strain in the material and their percentage with respect to laser fluence are presented in Figure 14 . This strain is directly calculated from the unstained situation or before the laser irradiation. The strain factor (g) is calculated from the following factor: 
Conclusion
Based on the experimental research, a simple theory with the experimental results on the interaction of laser light with surface of high dielectric material has been proposed. This theory actually deals with the temperature dependent oscillation of the atoms and the maximum deflection of the amplitude at which an atom is separated from the lattice, depends upon the laser fluence. The maximum changes in morphology have been observed 430 J/cm 2 and also change the spot of the interacted zones. The squared diameter rapidly increases with increase the laser fluence and attains the steady state beyond 350 J/cm 2 whereas the size of the spot continuously decrease with an increase in the laser fluence because of a change in times of pulse interaction with rotating sample. Meanwhile the ablation rate from the interaction of the laser light increases with an increase in the laser light due to large changes in temperature from the localized heating of the sample. This shows the maximum impact on change in morphology of the BaTiO 3 , observed from the SEM and AFM investigation. The roughness of the sample also increases with an increase in the laser fluence. The roughness of the sample has been observed at 430 J/cm 2 . At the higher laser fluence, the dimple features have been observed in morphology due to the maximum transport of the material from the melted region to the heat flow direction. At the last but not least, the maximum strain has been found in material at the higher laser fluence. This result has been observed from the measurement of dielectric constant at room temperature of the laser treated sample. The other important results are dielectric and the elongated lattice parameter of the laser treated material, which may increase with an increasing strain in the material. 
